Different approaches are used for the calculation of the SM-like Higgs boson mass in the MSSM: the fixed-order diagrammatic approach is accurate for low SUSY scales; the EFT approach, for high SUSY scales. Hybrid approaches, combining fixed-order and EFT calculations, allow to obtain a precise prediction also for intermediary SUSY scales. Here, we briefly discuss the hybrid approach implemented into the code FeynHiggs. In addition, we show how the refined Higgs mass prediction was used to define new MSSM Higgs benchmark scenarios.
Introduction
It is a special feature of the MSSM that it allows to predict the mass of the SM-like Higgs boson, M h , in terms of the model parameters. At the tree-level, it is determined by only two non-SM parameters, conventionally chosen to be the mass of the CP-odd Higgs boson A, M A , and the ratio of the vacuum expectation values of the two Higgs doublets, tan β. Loop corrections, depending also on the parameters of other sectors, lead to a significant upwards shift of the tree-level value.
Currently, there a three different approaches for the calculation of the quantum corrections. In the most straightforward fixed-order approach, corrections to the Higgs self-energies are evaluated by calculating Feynman diagrams at a specific order in the full MSSM. This approach has the advantage that all terms at a specific order are incorporated. In case of a large hierarchy between the electroweak and the SUSY scale, however, large logarithms appear in the calculation exacerbating the convergence of the perturbative series. These logarithms can be resummed in the effective field theory (EFT) approach. In its simplest form all SUSY particles are integrated out at a single scale such that below this SUSY scale the SM is recovered as EFT. Matching conditions at the SUSY scale fix the SM Higgs self-coupling. RGE running down to the electroweak scale, where the physical Higgs mass is calculated, corresponds to a resummation of large logarithms. Due to this resummation, the EFT approach is precise for high SUSY scales. Typically, no higher dimensional operators are included in the EFT below the SUSY scale. Therefore, terms suppressed by the SUSY scale are neglected. Thus, the EFT calculation looses its accuracy in case of a low SUSY scale.
To obtain a precise precise prediction also for intermediary SUSY scales, the diagrammatic and the EFT approach can be combined 1, 2, 3, 4, 5, 6, 7, 8 . Here, we will discuss the hybrid approach implemented into the publicly available code FeynHiggs 9,10,11,12,13,1,2,5,14 . Afterwards, we show how this calculation has been used to define new MSSM Higgs benchmark scenarios 15, 16 . 
Calculating the SM-like Higgs boson mass
The result of the fixed-order (FO) approach are the renormalized Higgs self-energies in the full MSSM. We denote the self-energy of the SM-like Higgs boson byΣ FO hh (p 2 ), where p 2 is the external momentum. The result of the EFT approach is encoded in the SM Higgs tree-level mass, 2λ(M t )v 2 , which is obtained in terms of the SM Higgs self-coupling λ evaluated at the electroweak scale multiplied with the SM Higgs vacuum expectation value, v.
The basic idea of the hybrid approach implemented in FeynHiggs is to add the nonlogarithmic terms of the fixed-order result (including all terms suppressed by the SUSY scale) and the resummed logarithms obtained in the EFT approach,
We obtain the non-logarithmic terms of the Higgs self-energy by subtracting all contained logarithms; and the logarithmic terms of the EFT result, by subtracting all contained nonlogarithmic terms. This improved self-energy is then used to obtain the physical Higgs mass by solving the Higgs pole equation within the full MSSM. In this way, the final result for the physical result for the SM-like Higgs boson mass includes all logarithms resummed in the EFT approach as well as all suppressed terms contained in the fixed-order approach. Therefore, the result of the hybrid approach should approach the fixedorder result for low SUSY scales and the EFT result for high SUSY scales. This is shown in the left plot of Fig. 1 depicting a simplified scenario with the masses of all non-SM particles fixed to the SUSY scale setting the stop mixing parameter X DR t = − √ 6M SUSY and tan β = 20. For low SUSY scales, where terms suppressed by the SUSY scale are relevant, the hybrid approach is in good agreement with the fixed-order result, whereas the EFT result, which does not include suppressed terms, yields a larger result for M h . For large SUSY scales, where the EFT approach is precise, the hybrid approach and the EFT approach are in good agreement, whereas the fixedorder calculation yields a much lower result. The theoretical uncertainty estimate for the hybrid result 17 is smaller or equal in size as the estimate for the EFT calculation.
So far, we have only considered the simple case of the SM as EFT below the SUSY scale. This choice is not appropriate if some of the non-SM particles are much lighter than the SUSY scale. We study the case of light non-SM like Higgs bosons in the right plot of 
Higgs benchmark scenarios
The large number of free parameters in the MSSM prevents an easy interpretation of the measured properties of the SM-like Higgs boson as well as searches for additional Higgs bosons. Therefore, Higgs benchmark scenarios have been developed. In these scenarios, only two parameters are varied, typically chosen to be M A and tan β. The other parameters are fixed such that one of the Higgs bosons is SM-like with each scenario featuring a distinct Higgs phenomenology. The progress achieved in the calculation of the SM-like Higgs boson mass, including the methods presented in Section 2, ruled out almost the whole parameter space of the original benchmark scenarios 18, 19, 20, 21, 22 . Therefore, new benchmark scenarios were proposed 15, 16 using the most recent version of FeynHiggs (Higgs masses and branching ratios), SusHi 23,24 (Higgs production cross-sections), HiggsBounds 25,26,27,28 (searches for additional Higgs boson) and HiggsSignals 29 (properties of the SM-like Higgs boson).
In Fig. 2 , we show the M 125 h (χ) (left plot) and the M 125 h,EFT (χ) (right plot) scenarios as examples. Both scenarios feature light electroweakinos with masses ∼ 200 GeV. The masses of the other SUSY particles are chosen above the TeV scale. In the M 125 h (χ) scenario the stop mass scale is fixed to 1.5 TeV. Therefore, the mass of the SM-like Higgs boson is too low for tan β 6. This parameter space is reopened in the M 125 h,EFT (χ) scenario by adjusting M SUSY at every point in the plane such that M h ∼ 125 GeV (with an upper limit of 10 16 GeV).
In both scenarios, the measurements of the Higgs signal strengths lead to a lower limit for M A of ∼ 600 GeV. In the M 125 h (χ) scenario the lower limit on M A increase with raising tan β due to constrains from direct searches for neutral heavy Higgs bosons decaying to a pair of tau leptons. This decay mode is irrelevant in the M 125 h,EFT (χ) scenario. In this scenario, however, the presence of light charginos leads to an enhancement of the SM-like Higgs to γγ decay for low tan β allowing to exclude the region of tan β 1.5.
